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T(ξ,γ) = Tξ ◦ T(0,γ). )*
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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‖Γ1 − Γ2‖ := ‖γ1 − γ2‖G¯0 + ‖ξ1 − ξ2‖Rn
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‖Γ ◦ Γ1 − Γ ◦ Γ2‖ = ‖Γ1 − Γ2‖.
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‖∂pΓ(TΓφ)(x)‖ · (1 + |x− ξ||p|)−1+
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LV := A0 + DuΦ(V ). )*
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∈ kerLV , i = 1, · · · , k ),*
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, g ∈ G ⊂M(RN). )H*
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kerL∗V := span{ψi, i = 1, · · · , k}. )*
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LV v = h, (v, ψi) = 0, i = 1, · · · , k
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σ(LV , L2(Rn)) ∩ {λ ∈ C, Reλ ∈ [−δ,∞]} = {0}. )2*
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StG(V ) := {Γ ∈ Γ0, TΓV = V } = {Γe}. )*
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LΓ := A0 + DuΦ(VΓ) := A0 + FΓ. )*
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LΓ = TΓ ◦ LV ◦ (TΓ)−1, L∗Γ = TΓ ◦ L∗V ◦ (TΓ)−1 )*
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|∂pxφiΓ(x)|+ |∂pxψiΓ(x)| ≤ Cp e−α|x−ξ| . )*
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 Γ = Γ(α)9 α = (α1, · · · , αk) ∈ Rk 
  3 
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C−10 min{1, ‖Γ1 − Γ2‖} ≤ ‖VΓ1 − VΓ2‖[L2(Rn)]m ≤ C0 min{1, ‖Γ1 − Γ2‖} )H*
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W l,p(Rn) 	 l ≥ 0 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C−10 ‖Γ1 − Γ2‖ ≤ ‖VΓ1 − VΓ2‖L2(Rn) ≤ C0‖Γ1 − Γ2‖ )1*
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φiΓ(α) = TΓ0φiexp(α·v), ∂αiVΓ(α) = TΓ0∂αiVexp(α·v),
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2) ≥ 2r′ := r − C1 )1*
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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{e−γ|ξ1j |} ≤ C e−α(L−r′)/2 Dsγ(Γ1, Γ2)
)1*
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(Rn) ≥ ‖VΓ1j0‖L∞e−γ|x| (Br′ξ1j0 )
− C(e−α(L−2r′)/4 +e−αr′/4)Dsγ(Γ1, Γ2).
P 
 
& )1*9 &  

‖VΓ1j0‖L∞e−γ|x|(Br′ξ1j0 )
≥ κ e−γ|ξ1j0 |
#  3   κ )&     
3

 # r′ ≥ R0* %	 
 




 r′ ≥ R0  







(Rn) ≥ κ e−γ|ξ1j0 |−κ/2Dsγ(Γ1, Γ2)

9 ( 
  	3	  j0 ∈ N1o9
‖V	Γ1 − V	Γ2‖L∞
e−γ|x|
(Rn) ≥ κ sup
j∈N1o
{e−γ|ξ1j |} − κ/2Dsγ(Γ1, Γ2). )11*
%	 
 
	9 &    
‖V	Γ1 − V	Γ2‖L∞
e−γ|x|
(Rn) ≥ κ sup
j∈Nc
{e−γ|ξj | ‖Γ1j − Γ2j‖} − κ/2Dsγ(Γ1, Γ2),
‖V	Γ1 − V	Γ2‖L∞
e−γ|x|
(Rn) ≥ κ sup
j∈N2o
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‖V	Γ1 − V	Γ2‖L∞
e−γ|x|
(Rn) ≥ κ/2Dsγ(Γ1, Γ2)
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 γ = 0  








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 # #
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 # V 
   @ 3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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 	 1 ≤ p ≤ ∞









(Rn) ≤ ‖m1 −m2‖W l,p
b,e−γ|x|
(Rn) ≤ C‖m1 −m2‖L∞
e−γ|x|
(Rn) )1*
  m1,m2 ∈ P(L)
3 "
9  





 19  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
‖V	Γ1 − V	Γ2‖W l,∞
e−γ|x|
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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9  α → Γ(α)     
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9 	  F3  
 1 &  γ = 0 
 9 &  
 & 
 
Or′0(V	Γ0) := {m ∈ P(L), ‖m− V	Γ0‖L∞(Rn) ≤ r′0}
)& r′0 = r
′
0(r0) > 0   	K 






B(L + δ) 
     
 
  #   
9 # 	K!
 
  L 
  Γ1 = Γ(α1), Γ2 = Γ(α2) ∈ Or′0(V	Γ0)9
C−10 ‖α1 − α2‖l∞ ≤ ‖V	Γ(α1) − V	Γ(α2)‖L∞(Rn) ≤ C0‖α1 − α2‖l∞ )1,*
&  

 C0    
3

 #  
   # Γ
0 ∈ B(L) >	9
 3 α → V	Γ(α) & Γ(α)   @
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   	
 ∂P(L) := V(∂B(L)) >
9 F3 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 3 TmP(L)   
 # P(L)  3 
m = V	Γ

&     # [L∞(Rn)]m 6 	9  
 v ∈ TmP(L)  
#















C−1‖a‖l∞ ≤ ‖ v(a)‖L∞(Rn) ≤ C‖a‖l∞
1
#  C  
3

 # a 
 m 	9 
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 119 
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 # P(L) 
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 & 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 
 F    
 
  	 	    	      ε > 0 	 
	
F(Γ)  	  
|F(Γ)(x)| ≤ Cε e−(α−ε)[dist(x,Ξ)+dist′(x,Ξ)], )1*
 	  	 
 		 Cε   	  x ∈ Rn  Γ ∈ B(L)  dist′(x,Ξ)
	  	  	
  x 	 	  







 ‖F(Γ)‖L∞(Rn) ≤ Cε e−2(α−ε)L ε > 0 + 	 
	 F : Γ →
L∞(Rn)   1;
	 ,	 
‖F′(Γ)‖L(TΓB(L),L∞(Rn)) ≤ Cε e−2(α−ε)L . )1*
3 "
    # )1*9 & 	  #& 
  	 #	
Φ(v1 + v2)− Φ(v1)− Φ(v2) =
∫ 1
0









Φ′′(s1v1 + s2v2) ds1 ds2 · [v1, v2] )1*
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e−α|x−ξi| e−α|x−ξj | . )12*
>     3  )1* "
9  ξj0 ∈ Ξ   




  G 9∑
i,j, i=j










≤ Cε e−α dist(x,Ξ) e−(α−ε) dist(x,Ξ\{ξj0}) +
∑
j =j0
e−α|x−ξj |Cε e−(α−ε) dist(x,Ξ) ≤
≤ Cε e−(α−ε)[dist(x,Ξ)+dist′(x,Ξ)] . )1*
+9  

dist(x,Ξ) + dist′(x,Ξ) ≥ |ξj0 − ξj′0| ≥ 2L
& ξj′0    
 
  x 
 #    Ξ9   )1*  3 
  L∞!
 # F(Γ)   	
 #   Cε e−2(α−ε)L
> S  B
    # F(Γ) 
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  )1* > 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9 & 

     D	ΓF(
Γ)δΓ9 δΓ ∈ T	ΓB(L)    






[Φ′(V	Γ)− Φ′(VΓj)]DΓVΓj · δΓj. )1,*
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e−α|x−ξi| ≤ Cε‖δΓ‖l∞ e−(α−ε)[dist(x,Ξ)+dist′(x,Ξ)] )1H*

 G 1,   3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1, Γ2 ∈ B(L) >

.   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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 
 #    
  	 	    	    γ ≤ α/2 
‖F(Γ1)− F(Γ2)‖L∞
e−γ|x|
(Rn) ≤ C e−αL dsγ(Γ1, Γ2) )11*
 	 
 		 C   	  Γi ∈ B(L)
3 G
Γi ∈ B(L)9 i = 1, 2 %
	  F3  
 1   
	 
 Nio = N
i
o(1) 
 Nc(r) = Nc(1)   )1*9 )11* 




|[F(Γ1)− F(Γ2)](x)| ≤ |[F(Γ1)− F(Γ1c)](x)|+
+ |[F(Γ2)− F(Γ2c)](x)|+ |[F(Γ1c)− F(Γ2c)](x)|. )11*
 
#  @   
   !
   # )11*  #&/
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i |−α|x−ξ1j | ≤
≤ C sup
j∈N1o




      e−γ|x| 
 	 
  e−γ|x|−γ|x−ξj | ≤ e−γ|ξj | 
 γ ≤ α/49
& 





 # Γ*9 & 	  
	   #
  F(Γ1o) >	9
‖F(Γ1)− F(Γ1c)‖L∞
e−γ|x|
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 # )11* 
     
‖F(Γ2)− F(Γ2c)‖L∞
e−γ|x|
(Rn) ≤ CDsγ(Γ1, Γ2). )11*
"





	  )1H*9 & 
|[F(Γ1c)− F(Γ2c)](x)| ≤ Cε e−αL sup
j∈Nc
{e−α|x−ξ1j |/4 ‖Γ1j − Γ2j‖}.
,
+	 3 
      e−γ|x| 
 ( 





(Rn) ≤ C e−αL Dsγ(Γ1, Γ2). )111*
  )11*9 )11* 
 )111*  3 )11* 
 @
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 3# # G 1H
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  
  #  
 # P(L)
  	 	    	    	 
	 F : P(L) →
L∞(Rn)   1;
	 ,	   	   	   		 
‖F(m1)− F(m2)‖L∞(Rn) ≤ Cε e−2(α−ε)L ‖m1 −m2‖L∞(Rn)
‖F′(m)‖L(TmP(L),L∞(Rn)) ≤ Cε e−2(α−ε)L
)112*
 ε > 0   	  Cε    ε 	   	  L mi ∈ P(L)
/    	  TmP(L) 	 		  
 	 P(L) 	 	 m!
+   0 ≤ γ ≤ α/4  
‖F(m1)− F(m2)‖L∞
e−γ|x|
(Rn) ≤ C e−αL ‖m1 −m2‖L∞
e−γ|x|
(Rn) )11*
 C   	  L  mi ∈ P(L)
"
9  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 F ∈ Ck(P(L), L∞(Rn))
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 k ∈ N 
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 e−γ|x−x0| 
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 # &  3  x0 ∈ Rn >  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  )11* 
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 &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 e−γ|x−x0| F3  
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	  L
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 
Γ ∈ B(L) 	  	     
	  ψ¯ij(Γ) ∈ C∞(Rn) i = 1, · · · , k
j ∈ N 
  	  	   )*
|∂pxψ¯ij(Γ)| ≤ Cp,ε e−(α−ε)|x−ξj | )2*
H
 	  		 	 
(ψ¯ij(Γ), φ
l
Γr) = δil · δjr. )2*
+ 	  
	   1;
	 ,	 	  
	 	
Γ  	 
   		  
|D	Γψ¯ij(Γ)(x)δΓ| ≤ Cε e−(α−ε)|x−ξj | ‖δΓ‖l∞ )2*
 	 
 		 Cε    ε > 0 	   	  Γ ∈ B(L) i j 
x ∈ Rn
3 G 	 @. j0 ∈ N 




































, φlΓr) = δj0r. )22*
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/
|aij| ≤ 2 e−(α−ε)|ξj−ξj0 | . )2*
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b = lj0 )2,*
& (lj0)
i
j := δj,j0 
   
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9 	  G 9
‖Bj0‖L(l∞,l∞) ≤ C ′εLn e−εL . )2*
>	9 # 	K 



















e−(α−ε)|ξr−ξj | e−α|x−ξr| ≤
≤ 2Cp e−(α−ε)|x−ξj |
∞∑
r=1
e−ε|x−ξr| ≤ C ′ε,p e−(α−ε)|x−ξj | . )2*
>	9 )2*    @ >  B
    #  #	
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 
 ψ¯ij &  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
Γ
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& m ∈ P(L)9 Γ = [V]−1m 
 v ∈ L∞(Rn)     "
9   #&
   # )2* 
  #  φΓj       # VΓj &  3 
Γj9 
Pmv ⊂ TmP(L), ∀v ∈ L∞(Rn).
+9 #  
   
 )2*9 &  
#
P2m = Pm, PmTmP(L) = TmP(L). )2*
>	9 Pm   
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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 

  	 	 	    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  	 .
	  Pm  
    	  m ∈ P(L) : 	
   1 ≤ p ≤ ∞
‖Pm‖L(Lp(Rn),Lp(Rn)) + ‖P′m‖L(TmP(L),L(Lp(Rn),Lp(Rn))) ≤ C )21*
 	 
 		 C   	  m p  L / L    ! +
 v ∈ L1b(Rn)   
	   γ > 0    
‖Pm1v − Pm2v‖L∞
e−γ|x|
(Rn) ≤ C‖v‖L1b(Rn)‖m1 −m2‖L∞e−γ|x|(Rn) )22*
 	  
	 	 m1,m2 ∈ P(L)
3 "
9   )21*    















Γ1,Γ2 ∈ B(L) 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 j ∈ Nc )&    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Γ)aj(j0, Γ) = δr,j0 , r ∈ N
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Cjr (j0, Γ)cj(j0, Γ) = e
−γ|ξr| δr,j
&  Cjr (j0,Γ) := e
−γ|ξr| eγ|ξj | eα|ξj0−ξr|/2 e−α|ξj0−ξj |/2 Ajr(j0, Γ) 
9 9  # γ <
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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Γ1)dj(j0) = Lr(j0) )2*
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 r, j ∈ Nc 

Lr(j0) := (e
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 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j | e−α|ξj−ξj0 |/4 ≤ C1 sup
j∈N1o
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−ξ1j |/4(‖Γ1j − Γ2j‖+ ‖Γ1j0 − Γ2j0‖+ ‖Γ1r − Γ2r‖) ≤
≤ C sup
j∈Nc
{e−γ|ξ1j | ‖Γ1j − Γ2j |}
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dj(j0) ≤ 2 sup
j∈Nc
Lj(j0) ≤ 2CDsγ(Γ1, Γ2)
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PΓjv‖Lpθ(Rn) ≤ Cε e−2(α−ε)L ‖v‖Lpθ(Rn) )22*
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|ψ¯ij(Γ)(x)− ψiΓj(x)| ≤ Cε e−2(α−ε)L e−ε|x−ξj | )2*
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P∗Γjv‖Lpθ(Rn) ≤ Cε e−2(α−ε)L ‖v‖Lpθ(Rn)
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S(m)v := Pm(Av + Φ
′(m)v). )2*
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≤ Cε e−αL(‖m1 −m2‖L∞
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|(ψ¯ij(Γ), Av + Φ′(m)v)| = |((A∗ + [Φ′(m)]∗)ψ¯ij(Γ), v)| ≤
≤ |((A∗ + [Φ′(m)]∗)ψiΓj , v)|+ Cε e−2(α−ε)L ‖v‖L∞(Rn) =
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f(t, ·) ∈ Ck(P(L), L∞(Rn))9 k ≥ 19 	 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   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Γij(t) = (f(t,V	Γ(t)), ψ¯
l
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 Θ˜ : R+ → R+9 Θ˜ ∈ C∞(R) 	 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Θ˜(z) ≡ 1, z ∈ [0, 1/2], Θ˜(z) ≡ 0, z ≥ 1 )*




Ck := sup{|Θ˜(k)(z)|, z ≥ 0} <∞. ),*




 Θj : P(L) → R9 j ∈ N/
Θj : P(L) → R, Θj(m) := Θ˜(e+2βL R˜j(m)). )H*
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Cut(m) w = w, ∀w ∈ TmP(L′).
>	9  
  
 # )*    @ 	9  
 #
 3 Cut(m) #& #  .3   #	 )* 
   )*)*
#& # )2* 
 ),* 
9 #9  
 )*   @
G 	 








9    
 &
 &
3	 VΓj1 (T ) 
 VΓj2 (T )    


















    	 

















  3# # > 2 




     &  
   













  eδL &  

 δ = δ(γ) 
 
      # γ  
 
	* >    3

& ' 	










  #  	 !3	 
 # P(L)   &   #& 
 	




? 3A   
 # P(L)
   	 	   	   0
	 $   	 L   
 	  	  δ > 0  	   	 
	 π : Oδ(P(L+1)) → P(L)
/ 	 δ   	*  	 L∞	!  
 		
Pπ(v)(v − π(v)) ≡ 0, 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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Pm(m0 + w −m) = 0.
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 Π(Γ0) = Id9 
I(  >	9 D	ΓF (
Γ0, 0) = − Id 
9 
C	




 F (Γ, w) = 0   	
 C	 	 
 Γ = Γ(w)  # ‖w‖L∞ ≤ δ  
 
	 +9    
  K	     














  P(L + 1)9 	   !
& 
  P(L)  # δ > 0    





   ),*   3   #
  3   #	
 
  > ,   3

 	 >   &9  
 3 	9   3 
 u ∈ Oδ(P(L+




u = v +m, m ∈ P(L), Pmv = 0
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(FΓj + PΓj)u, FΓj := Φ
′(VΓj).
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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 

  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 h ∈ Lp(Rn+1)
%  
  3# # F3  
 ,9 &   
  
	  33.  	 
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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v˜(t, x) := w(t, t, x). ),*
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 w˜(s, t, x) := ∂sw(s, t, x) &  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 
/
∂tw˜ + A0w˜ + Φ
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e−pε|m−t| ‖h(t)‖pLp(Rn) dt. ),1*
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|w(t, t, x)− w(m, t, x)| ≤
∫ m+1
m




‖∂tv˜(s, ·)‖pLp(Rn)+‖v˜(s, ·)‖pW 2l,p(Rn) dr ≤ C
∫
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e−pε|m−t| ‖h(t)‖pLp(Rn) dt. ),11*
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∂tv˜ = [∂sw(s, t, ·) + ∂tw(s, t, ·)]s=t = ∂tw(t, t, ·) + w˜(t, t, ·).
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 	   	    =8 	 
 		  
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Pm(t)v(t) ≡ 09 9 &    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∂tu + A0u + Φ(u) = μR(t, u) )H*
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   
  3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U(t, τ)uτ := u(t), u 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 A0m = F(m) −
Φ(m)9 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 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 #& 
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 # # 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 )H*/
∂tv+A0v+Φ
′(m(t))v = −F(m(t))−Φ(v(t),m(t))+μR(t, v(t)+m(t))−m′(t) )H*
& Φ(v,m) := Φ(v+m)−Φ(m)−Φ′(m)v 	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 # P(L) 
 )
C	
*  m′(t) # 3	 	 
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&   Pm(t)v(t) ≡ 0 
9 
C	
9 	  ),2*9
(Id−D(m(t))[·]v(t))m′(t) =
= Pm(t)(−F(m(t))− Φ(v(t),m(t)) + μR(t, v(t) +m(t)))− S(m(t))v(t) )HH*
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3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 
m′(t)
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	    	 v ∈ L∞(Rn) 	 ‖v‖L∞(Rn) ≤ κ
	 κ        m ∈ P(L) 	 	
M(m, v) w := (Id−D(m)[·]v)−1 w
       	  L∞(Rn) 	 P(L)    	  m  v
 	       
‖M(·, ·)‖Ck(P(L)×{‖v‖L∞(Rn)<κ}) ≤ Ck )H*
  k ∈ N + 	  	      
	 
	   	
     mi ∈ P(L) vi ∈ L∞(Rn)  
 		 ‖vi‖L∞(Rn) < κ  wi ∈
TmP(L)  
‖M(m1, v1) w1−M(m2, v2) w2 ‖L∞
e−γ|x|
(Rn) ≤ C(‖w1−w2 ‖L∞
e−γ|x|
(Rn)+
+ (‖w1 ‖L∞(Rn) + ‖w2 ‖L∞(Rn))(‖m1 −m2‖L∞
e−γ|x|
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m′(t) = f(t,m(t), v(t)) )H*
&
f(t,m, v) := M(m, v)
(− Pm(F(m)− Φ(v,m) + μR(t, v +m))− S(m)v). )H*
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‖ f(t,m, v)‖L∞(Rn) + ‖ f ′m(t,m, v)‖L(TmP(L),L∞(Rn)) ≤ Cε(e−2(α−ε)L +μ + κ2)
‖ f ′v(t,m, v)‖L(Xb(Rn),L∞(Rn)) ≤ Cε(e−2(α−ε)L +μ + κ)
)H*
 ε > 0   	  	 
 		 Cε   	  t m v  L ≥
L0(ε) + f      
	 
	   	 
 	    
‖ f(t,m1, v1)− f(t,m2, v2)‖L∞
e−γ|x|
(Rn) ≤
≤ C(e−αL +μ + κ)(‖m1 −m2‖L∞
e−γ|x|
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 Φ(m, 0) = Φ′v(m, 0) =
09 &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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 Pm(t)v(t) ≡ 0*
∂tv + A0v + Φ(m(t))v + Pm(t)v = hμ(t,m(t), v(t),m
′(t)) )H2*
& 
hμ(t,m, v,w) := −F(m)− Φ(v,m) + μR(t, v +m)− w )H*
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 
	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 Pm(t)v(t) 
   
  >	9  # u(t)9 t ∈ [τ, T ]
 )H* 
 u(t) ∈ Oκ(P(L)) 
 [τ, T ] 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 [τ, T ]  #& 
 /{
∂tv + A0v + Φ(m(t))v + Pm(t)v = hμ(t,m(t), v(t),m
′(t))
m′ = f(t,m, v)
)H,*

9   9 
 	 
 (m(t), v(t))9 t ∈ [τ, T ] &  	K 
  v 

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 
 Pm(τ)v(τ) = 0 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 u(t) :=m(t) + v(t) # 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 
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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 #& 
 
/
H(t,m, v,m′) = hμ − Pmhμ − D(m)[m′]v + S(m)v =
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∂tv + A0v + Φ(m(t))v + Pm(t)v = H(t,m(t), v(t),m
′(t)),
m′ = f(t,m, v).
)H*
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∂tv + A0v + Φ(m(t))v + Pm(t)v = H(t,m(t), v(t)),
m′ = f˜(t,m(t), v(t)) := Cut(m(t)) f(t,m(t), v(t))
)H*
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	 	 m ∈ P(L) 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 )H* 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  		  ⎧⎪⎨⎪⎩
‖H(t,m, v)‖Lpb(Rn)+
‖H′m(t,m, v)‖L(TmP(L),Lpb(Rn)) ≤ Cε(e−2(α−ε)L +κ2 + μ),
‖H′v(t,m, v)‖L(W 2l(1−1/p),pb (Rn),Lpb(Rn)) ≤ Cε(e
−2(α−ε)L +μ + κ)
)H*
 ε > 0   	  	 
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 Φ(m, 0) = Φ′v(m, 0) = 09 &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  #   # &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 e−γ|x| 
 "
  #9   #  & 
e−γ|x−x0| 	
 # &  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  x0 ∈ Rn
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
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	   0
	 $     	 k ∈ N
  ε > 0 	  	 L0 = L0(k, ε)  μ0 = μ0(k)  
 		  
L > L0  |μ| ≤ μ0 	    # 
W : R× P(L) → W 2l(1−1/p),pb (Rn)

   Ck 	 	  






≤ Cε(e−2(α−ε)L +μ) )H2*
 Cε   	  t L  μ          	  	 
 ! 1  τ ∈ R   mτ ∈ P(L) 	  	 m(t)  	 #	
d
dt
m(t) = f˜(t,m(t),W(t,m(t))), m(τ) =mτ )H*
      t ∈ R  	     
	  	  
)H* 
v(t) := W(t,m(t)).
$! %      	 (m(t), v(t))   )H* 
     
t ∈ R    v 
	   	   
	   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 P(L)
  t 
   	  	  (m(t),W(t,m(t)))     	 m(t)
 )H*
6! 1  t ∈ R   m ∈ P(L)  
PmW(t,m) ≡ 0.
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  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W(t, ·)       
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≤ C(μ + e−αL)‖m1 −m2‖L∞
e−γ|x|
(Rn) )H,*
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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 
Q˜ := {(t,m,W(t,m)), t ∈ R, m ∈ P(L)}
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UL(t) := {u =m+ W(t,m), m ∈ P(L)}.
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UL′(t) := {u =m+ W(t,m), m ∈ P(L′)} ⊂ UL(t)
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 
 
 
 &  3   	 
 




   	 # UL′ 





  #  UL′   












 # )H* 
  	 !3	 
 # P(L′)























3 :''>D=  :+ H9 + HH9 H,=
% 









  ( 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 τ ∈ R 
 mτ ∈ P(L)9 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 (m(t), v(t))9 t ∈ R9 	 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 m(τ) = mτ 
 v(t) ∈ O(P(L)) #
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 W(τ,mτ ) := v(τ) 
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Bκ := {v ∈W (1,2l),pb (Rn+1), ‖v‖W (1,2l),pb (Rn+1) ≤ κ}
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∂tv0 + A0v0 + Φ
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>	9 (m0, v0) 
   
 
 #  
9   )H1*   
& 

    # )H12* 
 )H2* 
 > H2   3

  >  
 #    
    #	  
 
#   
   3 )H* 9 	
  	3 
 # > H29 
.   

 δ 	 9  # uτ ∈ Oδ(P(L′)) 
      	 

u(t) # 3 )H* 
  OCδ(P(L′)) #  t ≥ τ   .  T∗ ≥ τ 	
 u(T∗) ∈ OCδ(∂P(L′)) ) 
  @  &  T∗ = ∞*
"
  9  .   A # )H* 
  
 
 # u˜(t) ∈ UL′(t)
# t ∈ (τ, T∗) 	 
‖u(t)− u˜(t)‖Xb ≤ C e−γ(t−τ), t ∈ [τ, T∗)
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∂tu + A0u + F (t, u) = 0 )*
& 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−α|ξj−1−ξj | sin(ω|ξj−1 − ξj|+ φ′0)− e−α|ξj+1−ξj | sin(ω|ξj+1 − ξj|+ φ′0)],
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2u + β2u + f(u) = μh(t, x), f(0) = f ′(0) = 0 )1*
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−α|ξj−1−ξj | sin(ω|ξj−1 − ξj|+ φ′0)−
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h(t, x)∂xV (x− ξ) dx

     # )1*   # dist(ξj, ξj+1) ∼ 2L 
  
F(ξj+1 − ξj)   #  e−2αL 
9 #9    
   
  # 
3  .3
 
















 #  

 




  3 	 M ′0 




 )1* " &








  3	  #	  #  3!
 * > #   #C	
 ω = 0      3














!"   G 	 
   #& 
 3/
∂tu− (1 + iκ)∂2xu + γu + uf(|u|2), f(0) = 0 )1*






9 f : R →





 κ ∈ R 
 γ ∈ C  3 >  C	 

3  
	 	3 #   G := R1 × S19 Γ := (ξ, φ) 

(T(ξ,φ)u)(x) := eiφ u(x− ξ), φ, ξ ∈ R )11*
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φ1Γ(x) := − eiφ V ′(x− ξ), φ2Γ(x) := i eiφ V (x− ξ). )1*
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F l(ξ, φ) = Re{eiφ
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F1(ξ, φ) =2Re{(1− iκ) eiφ Ψ10V ′(−ξ)}+ O(e−2α|ξ|),
F2(ξ, φ) =2Re{(1− iκ) eiφ Ψ20λV (−ξ)}+ O(e−2α|ξ|).
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F1(ξ, φ) =2Re{(1− iκ) eiφ Ψ10V0λ e−λξ}+ O(e−2α|ξ|),
F2(ξ, φ) =2Re{(1− iκ) eiφ Ψ20V0λ e−λξ}+ O(e−2α|ξ|).
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F1(ξ, φ) =M10 sgn{ξ} e−α|ξ| sin(φ + ω|ξ|+ θ1),
F2(ξ, φ) =M20 e−α|ξ| sin(φ + ω|ξ|+ θ2),
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−α(ξj+1−ξj) sin(ω(ξj+1 − ξj)− φj+1 + φj + θ1)−






−α(ξj+1−ξj) sin(ω(ξj+1 − ξj)− φj+1 + φj + θ2)+
+ e−α(ξj−ξj−1) sin(ω(ξj − ξj−1) + φj − φj−1 + θ2)],
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2u + β2u + f(u) = μh(t, x), f(0) = f ′(0) = 0 )*
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 h(t, x) = hμ(t, x)   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ξ¯2j = −M0 e−2αL e−α(ξ¯2j+1−ξ¯2j) sin(ω(ξ¯2j+1 − ξ¯2j))+




ξ¯2j+1 = M0 e
−2αL e−α(ξ¯2j+1−ξ¯2j) sin(ω(ξ¯2j+1 − ξ¯2j))+
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&
  
	  3  .
 # h(t, x)  	 
Px = 4L, Pt := T0 ·M−10 e2αL 
 h(t, x) = h¯(t ·M0 e−2αL, x) )H*
#   #	
 
 h¯ &    T0!3   &  3  t 
 Px!3  
&  3  x ) 3  T0    
3

 # L 
 &   @. &*
>#9  #  #! 
 




Ri(τ, ξ¯) := −c−1
∫
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h(τ, x)∂xV (x− ξ¯ − iL), i = 0, 1, τ := t ·M0 e−2αL . )*
6
   
9 &   C	 
 )*    
 
 &  3   
3   # T 24kL := T4kL9 
C	
9 	  D H9  	 

),*     
 
 &  3   3   # 
  3 W(t, ·)
@
  




   3   # 


 4L #  ),*  
  &    # #  
.  2  
   
 
 >   3 9 
Sk : l
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   # Htrred   3   M2
>	9   &	  3
  # & @
  3   Htrred ∈ Cb(R, l∞) #
A  # ),* 
  
!!
 3 κ¯ : M2 → Htrred  # 

T 1lPt ◦ κ¯ = κ¯ ◦ S1l , Sl ◦ κ¯ = κ¯ ◦ S2l )*
	  κ¯ &    3   
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 #   t→ τ 
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ξ¯2j = − e−α(ξ¯2j+1−ξ¯2j) sin(ω(ξ¯2j+1 − ξ¯2j))+





−α(ξ¯2j+1−ξ¯2j) sin(ω(ξ¯2j+1 − ξ¯2j))+





   3 #   #	
 
 Ri(τ, ξ)  
	  
 )* >  

9 & @  
	  	!B #	
 
 χL ∈ C∞0 (R)  
 	 &  χL(x) ≡ 1
# x ∈ [−L+ 1, L− 1] 
 χL(x) ≡ 0 # x /∈ [−L,L] 
 
9 #  &  

 T0!3   &  3  τ #	
 
 f1(τ, x) 
 f2(τ, x) & @
 
.
 # hf1,f2 
hf1,f2(τ, x) := −cf1(τ, x)χL(x)− cf2(τ, x− 2L)χL(x− 2L), )1*
,
#  x ∈ [−2L, 2L] 
 .








  V (x)  .3

  
x→∞9 &   
Ri(τ, ξ) = [fi ∗ (∂xV )](τ, ξ) + O(e−αL), i = 0, 1 )2*
& (f ∗ g)(ξ) := ∫
R
f(x)g(x − ξ) dx    
	 

















         
 3
#  3  .3
 
 # C	 




 # L +9
 )*   &( 	3 3	 









−α(ξ¯2j+1−ξ¯2j) sin(ω(ξ¯2j+1 − ξ¯2j)) + (f2 ∗ V ′)(τ, ξ¯2j+1)
),*
&     Zn D 
 3	 #   # & 67{
d
dτ
Y = − e−α(Z−Y ) sin(ω(Z − Y )) + (f1 ∗ V ′)(τ, Y ),
d
dτ
Z = e−α(Z−Y ) sin(ω(Z − Y )) + (f2 ∗ V ′)(τ, Z).
)H*





	   M1 )
 	   F 
 3 #
)H* )&    )H*   T0!3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   	 T0 ∈ R   	 T0
 	  
	 	 	 

	  f1  f2  
 		 #	 )H*        T0
  	  	
(Yp(t), Zp(t))   	   

 	 (Y0(t), Z0(t)) 	 	
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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iκNx, aN(τ) ∈ C )*
&
 κ > 0    3 >
 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 (f ∗ V ′)(τ, ξ)     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
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−iκNξ, bN(τ) := iκNaN(τ)V̂ (κN) )*
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 V̂ (ξ)    	 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
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C	
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  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 # )* )#   κ* &  8 
 )  &  b0 =
0* 
   8   
	 
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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 C1(R × [−R,R]) # 
 R ∈ R 
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 3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d
dτ
Y =− e−α(Z−Y ) sin(ω(Z − Y )) + g1(τ, Y ),
d
dτ
Z =e−α(Z−Y ) sin(ω(Z − Y )) + g2(τ, Z)
)*
3  8 	 
 Y (τ) ≡ Z(τ) ≡ 0 
  
  








    (Y0(t), Z0(t)) #
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 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 
 Y = Z = 0  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3 
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Y ′ = f1(Y, Z) + g¯1(τ, Y ), Z ′ = f2(Y, Z) + g¯2(τ, Z) )*
&





 g¯i(τ, ξ) 
   
  #  |ξ| 6 	9  )*
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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Y = Z = 0 
   
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  C	   	 
y′ = −ω(y + z), z′ = ω(z − y). )1*
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& @.  δ > 0 
 
	  3  	 
 # )*  9
 (Y±(t), Z±(t))   	 
 # )* 
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Z+(0) = −δ, Z−(0) = δ )2*
>
 &  limτ±∞(Y±(τ), Z±(τ)) = (0, 0) 
 (Y±(τ), Z±(τ))    
  
 # e± # ±τ ≥ 0   @.    t0 > 0 
 y0 > 0 	 
sinωy0 = −1 
 @
 Zn(t)  	 
 #  #& 
 C	 
/
Z ′ = e−α(Z−y0) sin(ω(Z − y0)), Z(t0) = −δ )*
' 
 sinωy0 = −19 
9 # 	K 





 # t ≥ t0 
  .  tn > 0 	  Zn(t0 + tn) = +δ
  
&   
	  C	   
  3 (Y0(t), Z0(t))  #&/
(Y0(τ), Z0(τ)) =
⎧⎨⎩
(Y+(τ), Z+(τ)) τ ≤ 0
(y0, Zn(τ)) τ ∈ [t0, t0 + tn]
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τ ∈ [0, t0] 





1) Y0(τ) ≥ Y0(0), Z0(τ) ≤ −δ, τ ∈ [0, t0],
2) Y0(τ) > Y−(0), Z0(t) ≥ δ, τ ∈ [t0 + tn, t0 + 2tn]
)H*
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 g¯i  
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 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 (Y0(τ), Z0(τ))
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	 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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χδ ∈ C∞ 	  χδ(x) = 1 # |x| < δ/4 
 χδ(x) = 0 # |x| ≥ δ/3 
 
g¯1(τ, Y ) :=
{
0, τ ∈ (−∞, 0] ∪ [2t0 + tn,+∞)





0, τ ∈ (−∞, 0] ∪ [t0, t0 + tn] ∪ [2t0 + tn,+∞)
χδ(Z − Z0(τ))[Z ′0(τ)− f2(Y0(τ), Z0(τ))], 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T0!3   )&   	K 
  T0  2t0 + tn* 
   
  3
(Y0(τ), Z0(τ)) &   
 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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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∂Y [f1(Y0, Z0) + g¯(τ, Y0)] ∂Zf1(Y0, Z0)
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= 0, |y0(τ)|+ |z0(τ)| ≤ c e−ω
√
2|τ | . )*
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= 0, |y∗0(τ)|+ |z∗0(τ)| ≤ c e−ω
√
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 ν 	 
Y0(τ) ≥ δ, Z0(τ) ≥ δ, Y ′0(τ) = Z ′0(τ) τ ∈ [tc, tc + ν] )1*
#  tc ∈ [0, 2t0 + tn] )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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g˜1(τ, Y ) := g¯1(τ, Y ) + εC1(τ)χδ(Y − Y0(τ))(Y − Y0(τ)),
g˜2(τ, Z) := g¯2(τ, Z) + εC2(τ)χδ(Z − Z0(τ))(Z − Z0(τ)),
)2*

# t ∈ [0, 2t0 + tn] 
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suppCi ⊂ [tc, tc + ν]. )*
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0(τ)] dτ = 0. )1*
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y0(τ) · y∗0(τ) ≡ z0(τ) · z∗0(τ) ≡ 0, τ ∈ [tc, tc + ν].
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